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FIELD OF THE INVENTION 

The present invention relates in general to a disc drive apparatus for 
writing/reading information into/from an optical storage disc, wherein the disc is rotated and 
a write/read head is moved radially with respect to the rotating disc. The present invention is 
applicable in the case of optical as weU as magneto -optical disc systems. Hereinafter, the 
wording "optical disc drive" will be used, but it is to be understood that this wording is 
intended to also cover magneto-optical disc systems. 

BACKGROUND OF THE INVENTION 

As is commonly known, an optical storage disc comprises at least one track, 
either in the form of a continuous spiral or in the form of multiple concentric circles, of 
storage space where information may be stored in the form of a data pattern. Optical discs 
may be read-only type, where information is recorded during manufacturing, which 
information can only be read by a user. The optical storage disc may also be a writable type, 
where information may be stored by a user. Although the present invention can also be 
applied to optical discs of the read-only type, the present invention is particularly intended 
for writable optical discs. Therefore, the present invention will hereinafter specifically be 
explained for the case of writable discs, without the intention of restricting the scope of the 
invention to such example. 

More particularly, although the present invention is applicable to writable 
discs of different types, such as for instance CD-RW, the present invention is particularly 
devised for the case of recordable DVD. Therefore, the present invention will hereinafter 
specifically be explained for the case of recordable DVD, without the intention of restricting 
the scope of the invention to such example. 

For writing information in the storage space of the optical storage disc, or for 
reading information from the disc, an optical disc drive comprises, on the one hand, rotating 
means for receiving and rotating an optical disc, and on the other hand optical means for 
generating an optical beam, typically a laser beam, and for scanning the storage track with 
said laser beam. Since the technology of optical discs in general, the way in which 
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information can be stored in an optical disc, and the way in which optical data can be read 
from an optical disc, is commonly known, it is not necessary here to describe this technology 
in detail. 

For rotating the optical disc, an optical disc drive typically comprises a motor, 
5 which drives a hub engaging a central portion of the optical disc. Usually, the motor is 
implemented as a spindle motor, and the motor-driven hub may be arranged directly on the 
spindle axle of the motor. 

For optically scanning the rotating disc, an optical disc drive comprises a light 
beam generator device (typically a laser diode), an objective lens for focussing the light beam 
10 in a focal spot on the disc, and an optical detector for receiving the reflected light reflected 
from the disc and for generating an electrical detector output signal. 

During operation, the light beam should remain focussed on the disc. To this 
end, the objective lens is arranged axially displaceable, and the optical disc drive comprises 
focal actuator means for controlling the axial position of the objective lens. Further, the focal 
1 5 spot should remain aligned with a track or should be capable of being positioned with respect 
to a new track. To this end, at least the objective lens is mounted radially displaceable, and 
the optical disc drive comprises radial actuator means for controlling the radial position of the 
objective lens. 

For any reason, it may be that the optical disc suffers from tilt. Tilt of the 
20 optical disc can be defined as a situation where the surface of the optical disc is not exactly 
perpendicular to the rotation axis. Tilt can be caused by the optical disc being tilted as a 
whole with respect to the laser beam (e.g. because the motor axle is tilted with respect to the 
frame; this is indicated as static tilt), but tilt is usually caused by the optical disc being 
warped, and as a consequence the amount of tilt depends on the location on disc. Especially 
25 DVD systems, which have a relatively large numerical aperture (NA), are sensitive to disc 
tilt. Therefore, tilt compensation mechanisms have been developed. Typically, in a disc drive 
apparatus having tilt compensation, at least the objective lens is mounted pivotably, and the 
optical disc drive comprises tilt actuator means for controlling the tilt position of the 
objective lens. Alternatively, it is possible that the orientation of the disc itself is corrected. 
30 Other types of controllable tilt correction mechanisms are possible, too. 

In order to be able to practice tilt compensation, prior art optical disc drives 
are provided with a tilt detector for detecting a tilt angle and generating a tilt measuring 
signal indicating the tilt angle, and a tilt controller receiving the tilt measuring signal from the 
tilt detector and controlling the tilt actuator means in such a way that the tilt angle is reduced 
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or even made zero. In a specific class of such prior art optical disc drives, the tilt detector is 
based on a processing of the electrical output signal from the optical detector. For instance 
US-6.157.600 discloses a tilt control method which is based on processing a radial error 
signal indicated as the radial push-pull signal. The publication shows that the amplitude K of 
the push-pull tracking error signal TE is maximal when the tilt angle is 0° and decreases with 
mcreasing tilt angle. The relation between amplitude K and tilt angle is given as a graph 
obtained from simulation. In practice, the amplitude K is measured and used as measuring 
value of the tilt angle. 

A disadvantage of this prior art system is that it can only be used, at least 
reliably, in the case of an optical disc having pits formed in a track, especially first shifted 
pits displaced to a first side of the track and second shifted pits displaced to a second side of 
the track. In the case of a blank or only partly written DVD recordable disc, no such pits are 
present, leading to a bad signal/noise-ratio so that said prior art method does not lead to 
reliable results. 

SUMMARY OF THE INVENTION 

A main objective of the present invention is to overcome this drawback. 
An important objective of the present invention is to provide a new tilt 
compensation method for an optical disc drive apparatus. 

Especially, the present invention aims to provide a tilt compensation method 
for an optical disc drive apparatus, capable of compensating tilt in the case of written discs, 
blank discs, and discs being partly written and partly blank. 

A further objective of the present invention is to be able to drive the tilt 
actuator to an optimal position without necessarily having to measure the actual tilt. 

Prior art methods are based on first measuring the actual tilt, and then taking 
steps to reduce the tilt. The present invention takes a basically different approach. In contrast 
to prior art systems, the present invention basically varies the tilt actuator and sets the tilt 
actuator to a position best suited for optical read/write, especially with a view to minimizing 
optical aberrations, without it being necessary to know the absolute value of the tilt It is 
noted that one of the possible optical aberrations is known as "coma"; this very dominant 
type of optical aberration is caused inter alia by tilt 

According to a first aspect of the present invention, a tilt-dependent parameter 
is selected, of which it is known that it has an extreme value (maximum or minimum/zero) 
when the tilt actuator has a position which is optimal, or sufficiently close to optimal 
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regarding minimal optical aberrations. By way of preferred but not limiting example, this tilt- 
dependent parameter may be the amplitude of a push-pull tracking error signal, such as for 
instance the 3-spots push-pull signal from the error channel or the 1-spot push-pull signal 
from the wobble channel. 

According to a second aspect of the present invention, the tilt actuator is set to 
a position where said tilt-dependent parameter has its extreme value. 

According to a third aspect of the present invention, the setting of the tilt 
actuator is varied, and the value of said tilt-dependent parameter is measured for several 
different settings of the tilt actuator. The measuring results are analysed, and an optimum 
setting for the tilt actuator is calculated. This analysis and calculation may comprise 
interpolation of the measuring results and/or fitting the measuring results to a suitable 
formula. 

According to a fourth aspect of the present invention, the disc drive apparatus 
is operated while the tilt actuator is set to its optimum setting as calculated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects, features and advantages of the present invention will 
be further explained by the following description with reference to the drawings, in which 
same reference numerals indicate same or similar parts, and in which: 

Figure 1 A schematically illustrates an optical disc drive; 

Figure IB is a block diagram illustrating schematically an optical detector 
connected to a signal processor; 

Figure 2 is a graph, illustrating schematically the relationship between net tilt 
and the amplitude of a tracking eiror signal; 

Figure 3 is a graph, illustrating measurement of the amplitude of a tracking 
error signal as a function of pivot angle of an optical lens; 

Figure 4 is a flow chart illustrating steps of a measuring method according to 
the present invention; 

Figure 5 is a graph for illustrating amplitude measurements in conjunction 
with lens wobbling. 

DESCRIPTION OF THE INVENTION 

Figure 1A schematically illustrates an optical disc drive apparatus 1, suitable 
for storing information on or reading information from an optical disc 2, typically a DVD. 
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For rotating the disc 2, the disc drive apparatus 1 comprises a motor 4 fixed to a frame (not 
shown for sake of simplicity), defining a rotation axis 5. For receiving and holding the disc 2, 
the disc drive apparatus 1 may comprise a turntable or clamping hub 6, which in the case of a 
spindle motor 4 is mounted on the spindle axle 7 of the motor 4. 

The disc drive apparatus 1 further comprises an optical system 30 for scanning 
tracks (not shown) of the disc 2 by an optical beam. More specifically, the optical system 30 
comprises a light beam generating means 31, typically a laser such as a laser diode, which is 
arranged to generate a light beam 32a which passes a beam splitter 33 and an objective lens 
34. The objective lens 34 focuses the light beam 32b in a focal spot F on the disc 2. The light 
beam 32b reflects from the disc 2 (reflected light beam 32c) and passes the objective lens 34 
and the beam splitter 33 (beam 32d) to reach an optical detector 35. 

Associated with the apparatus 1, a rectangular coordinate system XYZ will be 
used in the following, wherein the rotation axis 5 will be taken as Z-axis. The radial direction 
will be taken as X-axis, i.e. perpendicular to the Z-axis, such that the focal spot F lies in the 
XZ-plane. The tangential direction will be taken as Y-axis, i.e. perpendicular to the X-axis 
and the Z-axis. Associated with the disc 2, a polar coordinate system r, cp will be used. 

The disc drive apparatus 1 further comprises an actuator system 40, which 
comprises a radial actuator 41 for radially (X-direction) displacing the objective lens 34 with 
respect to the disc 2. Since radial actuators are known per se, while the present invention does 
not relate to the design and functioning of such radial actuator, it is not necessary here to 
discuss the design and functioning of a radial actuator in great detail. 

For achieving an maintaining a correct focusing of the light beam 32b, exactly 
on the desired location of the disc 2, said objective lens 34 is mounted axially displaceable 
(Z-direction), while further the actuator system 40 of disc drive apparatus 1 also comprises a 
focal actuator 42 arranged for axially displacing the objective lens 34 with respect to the disc 
2. Since axial actuators are known per se, while further the design and operation of such axial 
actuator is no subject of the present invention, it is not necessary here to discuss the design 
and operation of such focal actuator in great detail. 

For the purpose of tilt compensation, said objective lens is mounted such as to 
be pivotable about a pivot axis which is directed parallel to the Y-axis, such that an optical 
axis 36 of the objective lens 34 is always located in the XZ-plane. Preferably, said pivot axis 
coincides with the optical centre of the objective lens 34. A pivot angle ( ¥ ) will be defined as 
the angle between the Z-axis and the optical axis 36 of the objective lens 34. Further, the 
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actuator system 40 of disc drive apparatus 1 also comprises apivot actuator 43, also indicated 
as tilt actuator, arranged for pivoting the objective lens 34 with respect to the disc 2. 

It is noted that means for supporting the objective lens with respect to an 
apparatus frame, and means for axially and radially displacing the objective lens, are 
5 generally known per se. Since the design and operation of such supporting and displacing 
means are no subject of the present invention, it is not necessary here to discuss their design 
and operation in great detail. The same applies to means for pivoting the objective lens. 

It is further noted that the radial actuator 41, focal actuator 42, and pivot 
actuator 43 may be implemented as one integrated 3D-actuator. 
10 The disc drive apparatus 1 further comprises a control circuit 90 having a first 

output 92 connected to a control input of the motor 4, having a second output 93 coupled to a 
control input of the radial actuator 41, having a third output 94 coupled to a control input of 
the focal actuator 42, and having a fourth output 95 coupled to a control input of the pivot 
actuator 43. The control circuit 90 is designed to generate at its first output 92 a control signal 
15 S CM for controlling the motor 4, to generate at its second control output 93 a control signal 
Scr for controlling the radial actuator 41, to generate at its third output 94 a control signal 
Scf for controlling the focal actuator 42, and to generate at its fourth output 95 a control 
signal S CT for controlling the pivot actuator 43. 

The control circuit 90 further has a read signal input 91 for receiving a read 
20 signal S R from the optical detector 35. 

Figure IB illustrates that the optical detector 35 comprises a plurality of 
detector segments, in this case four detector segments 35a, 35b, 35c, 35d, capable of 
providing individual detector signals A, B, C, D, respectively, indicating the amount of light 
incuient on each of the four detector quadrants, respectively. A centre line 37, separating the 
25 first and fourth segments 35a and 35d from the second and third segments 35b and 35c is 
oriented according to the Y-direction (track direction). Since such four-quadrant detector is 
commonly known per se, it is not necessary here to give a more detailed description of its 
design and functioning. 

Figure IB also illustrates that the read signal input 91 of the control circuit 90 
30 actually comprises four inputs 91a, 91b, 91c, 91d for receiving said individual detector 

signals A, B, C, D, respectively. The control circuit 90 is designed to process said individual 
detector signals A, B, C, D, in order to derive data and control information therefrom, as will 
be clear to a person skilled in the art. For instance, a data signal S D can be obtained by 
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summation of all individual detector signals A, B, C, D according to 
S D = A + B + C + D 

Further, a one-spot push-pull tracking error signal S TC can be obtained by 
summation of the signals A and D from all individual detector segments 35a and 35d on one 
side of the centre line 37, summation of the signals B and C from all individual detector 
segments 35b and 35c on the other side of the centre line 37, and taking the difference of 
these two summations, according to 

Ste=(A + D)-(B + C) (2) 
In figure 1 A, a point P on the disc 2 is shown, having polar coordinates r and 
cp. In an ideal case, the normal to the disc surface in point P(r, 9 ) is exactly parallel to the 
Z-axis, but in the case where the disc 2 has a warped surface, as shown, the normal in point 
P(r,<p) makes an angle 9(r,cp) with the Z-axis. This angle 9(r,cp) will be indicated as the tilt in 
point P(r,<p). The tilt may vary over the surface of the disc, in other words the tilt 9(r,<p) may 
be a function of radial coordinate r and angular coordinate <p. 

As a result of disc tilt, the focus spot F is no longer circular, and this 
aberration ("coma") may lead to crosstalk, which may cause write errors and/or read errors. 

Further, servo signals are sensitive to tilt, and also the wobble signal is 
sensitive to tilt. 

In order to avoid these problems, it is desirable that the optical beam 32b 
incident on the disc 2 is substantially perpendicular to the disc surface, which can be obtained 
by giving the objective lens 34 a pivot position such that the pivot angle ¥ of the lens equals 
the nit 9 of the disc. Then, the net tilt of the disc 2 with respect to the optical beam 32b is 
zero. In the following, the net tilt NT shall be defined as NT = 9-y. 

The present invention uses a tilt-dependent parameter whose value depends on 
the net tilt NT, such that its value has an optimum when the net tilt NT equals zero. There are 
several tilt-dependent parameters suitable for this purpose. Although not essential, it is 
preferred that such tilt-dependent parameter is derivable from the detector 35 output signal 
S R . The amplitude A TC of the tracking error signal Ste has proved to be very suitable for this 
purpose. Therefore, by way of non-limiting example, the present invention will be further 
explained for the case of this parameter being used. 

Figure 2 is a graph, illustrating the relationship between the tracking error 
signal amplitude A TC (vertical axis, arbitrary units) and the net tilt NT (horizontal axis, 
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degree units). For small values of NT, said relationship can be considered as a parabolic 
relationship having its maximum at NT=0°. 

In principle, tilt may depend on the radial coordinate r and on the angular 
coordinate <p. The present invention is suitable for compensating tilt, both in respect of the 
dependency on the radial coordinate r and on the angular coordinate <p. However, the average 
tilt (averaged over <p=0-2n) at a radius r is usually dominant over the angular dependency. 
Further, if the angular dependency would be taken into account, in a situation where the lens 
would be held stationary at one track, the lens might have to be "wobbled" at a relatively high 
frequency. Preferably, the lens is held still in a situation where the lens would be held 
stationary at one track. Therefore, it is preferred that only the radial dependency is taken into 
account and that the angular dependency is ignored, or averaged out Figures 3 and 4 
illustrate the basic steps of such a preferred tilt compensation method according to the present 
invention. 

In a first step, the control circuit 90 generates its pivot control signal Scr such 
that the pivot actuator 43 brings [102] the objective lens 34 to a first pivot position, 
characterised by a first pivot angle y(l). It is noted that the exact value of the first pivot angle 
x|/(l) can, in principle, be selected freely. In this position, the control circuit 90 measures 
[103] the tracking error signal amplitude Ate(1) over an entire disc revolution, and calculates 
the average value <A TC (1)>. The combination of first pivot angle v(/(l) and corresponding 
average tracking error signal amplitude <Ate(1)> is stored [104] in a memory 96 associated 
with the control circuit 90. 

Then, the control circuit 90 generates its pivot control signal S CT such that the 
pivot actuator 43 brings the objective lens 34 to a second pivot position, characterised by a 
second pivot angle y(2). Again, the tracking error signal amplitude A TO (2) is measured, 
averaged over an entire disc revolution, and the combination of second pivot angle y(2) and 
corresponding average tracking error signal amplitude <Aie(2)> is stored in said memory 96. 

The above is repeated [105; 106] for multiple pivot angles \|/; each time 
resulting in a combination of pivot angle v|/(i) and corresponding average tracking error signal 
amplitude <Ans(i)>. 

After a certain number of measurements, for instance 7 measurements at 7 
different pivot angles, the control circuit 90 retrieves [107] the measurement results 
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(\|/(i),<A TO (i)>) from said memory 96, and calculates [108] at which value vj/ 0 pt of the pivot 
angle y the average tracking error signal amplitude <Ate> has its extreme value. 

Figure 3 is a graph illustrating an example of such measurements, wherein the 
average tracking error signal amplitude <A TO (i)> (vertical axis, arbitrary units) is plotted 
against the corresponding pivot angle y(i) (horizontal axis, mrad units). The crosses indicate 
the measuring results. 

As should be clear to a person skilled in the art, any function p(q) having a 
maximum for q = q M can, within a small range around this maximum qM) be reasonably 
approximated by a quadratic function according to 

p(q) « c 0 + c r(q-qM) + c 2 (q-q^) 2 
wherein c 0 , c u and c 2 are constants. Finding an optimum fit for measurements Pi (q0 is 
equivalent to finding optimum values for q M , and c 0 , cj, and c 2 . Usually, this is done by the 
well-known least-squares method, which needs not be explained here. In any case, it should 
be clear to a person skilled in the art that it is possible to calculate, on the basis of several 
measurements around the maximum of such function, an optimum parabolic fit, and 
consequently it is possible to calculate q M and pM(qM). 

In figure 3, the curve 80 illustrates such a parabolic fit. This fit has a 
maximum point 81 having coordinates \|/ 0 ft and Any^. From this curve it can be seen 
that, in the case of this example, the average tracking error signal amplitude <Ate> has its 
maximum value Ate,max at a pivot angle \j/ 0 pt of 5 mrad. 

During subsequent operation of the disc drive apparatus 1, the control circuit 
90 generates its pivot control signal S CT such that the pivot actuator 43 brings [109] the 
objective lens 34 to the optimum pivot angle wr- The tracking error signal amplitude A TO 
then is at its maximum, at least on average. With reference to figure 2, this means that the net 
tilt NT is zero. 

Thus, the tilt Q of the disc 2 is now compensated optimally. 

It is noted here mat the present invention does not actually calculate the net tilt 
for a certain set pivot angle y, nor does the method of the present invention requires such 
calculation. The method of the present invention seeks for the maximum value of the 
amplitude Ate, based on the understanding that in such a situation the net tilt is zero. This 
applies even if the optical sensor output signal would fluctuate for any reason, because such 
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fluctuation would affect all measurements equally but would leave the location of the 
optimum value xj/opt unaffected. 

In the above, it is mentioned that the measurement data are stored in a 
memory, and that parabolic fit is calculated after a predetermined number of measurements 
have been performed. It is also possible that a parabolic fit is calculated after three 
measurements have been performed, and that the parabolic fit is updated after each further 
measurement, in order to save memory locations. 

In order to be able to obtain a tracking error signal Ste suitable for performing 
the measurements described above, it is required that at least one track-crossing occurs 
during each measurement In practice, there will always be some track-crossings due to disc 
eccentricity and turntable eccentricity and, even in the case of a perfect disc and perfect 
turntable, one track-crossing will occur each revolution due to the spiral shape of the track. 
However, it is not certain whether during a portion of a revolution one or more track- 
crossings actually occur. This can be forced by slightly wobbling the radial actuator at a 
frequency higher than the rotational speed of the disc, but such is not preferred. Therefore, in 
the absence of such wobbling, it is preferred that each measurement takes a measuring time at 
least as long as the duration of one disc revolution; more preferably, the measuring time is 
substantially equal to the rotational period of the disc, so that the measured result <A ra > is 
an average value over one disc revolution, as already mentioned. 

Nevertheless, the principles of the present invention are not limited to 
averaging over one disc revolution. In principle, especially in cases where a sufficient 
number of track crossings is experienced, it is possible to take a plurality of individual 
measurements A TE (r,9)(i) at a plurality of locations <p at one fixed radius r, and to repeat this 
plurality of measurements for several values of the pivot angle x|/(i). Then, for each such 
location (r,<p), a number of measurement results are obtained as function of the pivot angle 
Y(i), and the optimum pivot angle YoFr(r,<p) can be calculated for each such location (r,q>). 
Then, during write or read, at a certain radius r, the pivot actuator 43 may be set as a function 
of the angular coordinate <p, in accordance with said optimum pivot angle \|/ 0 PT(r,q>) for each 
location (r,cp). 

In the above, it is explained that the amplitude Aie of the tracking error signal 
S-m is measured for several pivot positions y(i) of the optical lens 34. In principle, these 
measurements can be performed by bringing the optical lens 34 to a certain pivot position 
and holding the optical lens 34 stationary during measuring, followed by a displacement to a 
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next pivot positioned holding the optical lens 34 stationary again, etcetera. Such stepwise 
displacement of the optical lens is, however, not preferred, because it may give rise to 
undesirable vibrations of the lens, which leads to prolonged measuring times due to the fact 
that it takes some time before said vibrations have reduced. Such vibrations and possible 
other disturbances can be minimized by submitting the lens to a continuous, harmonic 
movement (tilt wobble) at a frequency substantially smaller than the rotational speed of the 
disc. This embodiment of the present invention is illustrated in figure 5. 

In the graph of figure 5, the horizontal axis represents time in milliseconds. 
Curve 51 is a tacho signal, representing the revolutions of the disc; in this example, the 
rotational speed of the disc is 52 Hz. 

Curve 52 represents the tilt control signal S CT for the tilt actuator 43, and 
hence represents the pivot angle y of the lens. In this example, the lens is wobbled at a 
frequency of 2.75 Hz. The vertical axis at the lefthand side of the graph corresponds to angle 
units in mrad. 

The horizontal lines 53 and 54 represent the boundaries vmin and ymax of a 
pivot angle range [vmjn, Vmax ] i n which the measurements are to be taken into account 

Each disc revolution corresponds to a measurement of <ATB(i)>; the 
corresponding pivot angles V (i) (also averaged over one disc revolution in this example) are 
indicated as open circles 55 for pivot angles y(i) within said range [v^, ¥MAX ] and crosses 
56 for pivot angles y(i) outside said range [ VMIN , VMAX ]. in this example, 7 measurements 
AiE(i)[i=l-7] are performed at 7 pivot angles y(i)[i=l-7] within said range |>min, vmax] 
during one half period of the wobble movement, i.e. during one "sweep" of the lens. 

It is noted that, in principle, one "sweep" of the lens suffices to enable 
calculation of an optimum value > 0 FT. Then, the measuring process takes one half period of 
the wobble movement, i.e. slightly less than 200 ms in this example. However, if desired, the 
measurements may continue during further sweeps of the lens, in order to increase accuracy. 

The above-described procedure takes place at one specific radius rj of the disc, 
i.e. at one setting of the radial actuator 41. Since the tilt 6 may vary over the disc, the 
optimum pivot angle y 0 PT should preferably be calculated at a number of different radii 
rjD=l-Nr]. This requires that the above-described procedure should be performed at each 
individual of said different radii rj[j=l-N r ], i.e. N r different settings of the radial actuator 41, 
which results in N r different optimum pivot angles V OFr(rj)[j=l-N r ] each corresponding to 
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one of said selected measuring radii q. The calculated optimum pivot angles V0 Fr(rj)D=l-N r ] 
are stored in a memory associated with the control circuit 90, for instance said memory 96, in 
relationship to the corresponding measuring radii rj, for instance in the form of a look-up 
table. During operation of the disc drive apparatus, the control circuit 90 always selects the 
control signal S CT for the tilt actuator 43 on the basis of the information in said memory and 
considering the current radius at which a write or read action is to be performed. 

Measuring at N r different settings of the radial actuator 41 requires N r -1 radial 
jumps of the radial actuator 41. The most efficient way to combine N r measurement sweeps 
of the tilt actuator with N r 1 radial jumps of the radial actuator 41 is to perform a radial jump 
between two successive sweeps. Since a radial jump requires access time, there should be 
non-measuring time between two successive sweeps. This time is provided by selecting the 
lens wobble amplitude (A w in figure 5) larger than half the pivot angle measuring range. If 
the optical lens is wobbled around pivot angle zero, as in this example, meaning that Vmin = 
-Vmax, this corresponds to selecting the lens wobble amplitude A w larger than V max, as 
indicated in figure 5. The time period during which the actual pivot angle y is beyond said 
measuring range [ WMSN , ¥max ], indicated at tj in figure 5, is available as access time. 

It will be clear that the overall measuring time, i.e. for measuring 
V(i;rj)[i=l-Ni]D=l-N r ] and calculating N r optimum pivot angles yopr(rj)0=l-N r ], depends on 
a number of factors. Therefore, an optimum setting of the measuring parameters N r , A w , 
wobble frequency, etc, may be selected as desired. An increase of the number of radii N r 
results, of course, in an increase of the number of sweeps and the number of jumps, but a 
decrease of the required access time in view of the fact that the jump distance decreases, so 
that the sweep amplitude A w may be decreased and/or the sweep frequency may be 
increased. On the other hand, if the rotational speed of the disc is increased, the overall 
measuring time may be reduced and/or the wobble frequency may be increased and/or the 
number of radii N r may be increased. Usually, the measuring parameters will be selected on 
the basis of a maximum allowed overall measuring time, such maximum being selected with 
a view to marketing considerations. 

Thus, the present invention succeeds in providing a method for compensating 
tilt of the optical disc 2. The optical lens 34, which is pivotably mounted, is pivoted to an 
optimum pivot position ¥oPT such that the amplitude A TC of the push-pull tracking error 
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signal Stb is maximal. Said optimum pivot position y 0 PT is determined by measuring said 
amplitude A ra at different pivot positions \|/(i) and calculating a maximum point ( V0 ft, 
Ate,max) of a best parabolic fit through the measurements (\|/(i), Axe(i)). 

It should be clear to a person skilled in the art that the present invention is not 
limited to the exemplary embodiments discussed above, but that various variations and 
modifications are possible within the protective scope of the invention as defined in the 
appending claims. 

For instance, although the above indicates that both coordinates A TC)MAx and 
v|/opt of the summit of the best parabolic fit for the measurements are calculated, it should be 
clear that it is not necessary to actually calculate the maximum parameter value A^ma* it 
suffices to calculate the optimum pivot angle \j/ 0 pt. 

Further, although the present invention is described by showing the amplitude 
Ate of the push-pull tracking error signal S TC as a function of the pivot angle y of the optical 
lens 34, it is not actually necessary to know the actual pivot angle values y(i) and Vo ft. It 
suffices for the control circuit 90 to know the corresponding values S CT (i) and Sct.opt of the 
tilt control signal S CT for the tilt actuator 43. In fact, setting and/or calculating pivot angle is 
considered to be equivalent to setting and/or calculating tilt control signal, respectively. 
Further, it is noted that, in the above, a one-spot tracking error signal is used by way of 
example; as an alternative, another tracking error signal may be used, for instance a three- 
spot tracking error signal. 

Further, it is noted that the one-spot tracking error signal as defined in 
equation (2) above is not normalised. Instead, a normalized error signal Sten may be used, 
obtained for instance according to the formula Sten = Ste/S d , wherein S D preferably is 
filtered by a low-pass filter. 

Further, in the above, the amplitude Ate of a tracking error signal is used as 
tilt-dependent parameter. Alternatively, such tracking error signal may be processed to obtain 
another tilt-dependent parameter, for instance the peak amplitude, the signal power, the RMS 
value, the absolute value, the square of the amplitude, etc. 



